Abstract. The 'ethnodrug' Capparis spinosa L. has several pharmacological activities. First, it was found in previous experiments that an ethyl acetate extract of Capparis spinosa L. (CSE) exhibited antioxidant activity. In order to further research this finding, the present study investigate the blood biochemical indices, injury, energy metabolism, oxidative damage and mitochondrial membrane potential (Δψm) level of cardiac cells to study the effect of CSE on doxorubicininduced cardiac toxicity. CSE had protective effects on the cardiac toxic effect of doxorubicin, and decreased the activity of lactic dehydrogenase (LDH) and creatine kinase (CK). CSE increased the ability of myocardial tissue to scavenge free radicals, inhibited lipid peroxidation, increased recovery activity of antioxidant enzymes, adjusted the energy metabolism of myocardial tissue, inhibited the generation of a large number of ROS in the cells, raised the level of Δψm, and improved the metabolism of free radicals. CSE demonstrated protective effects on doxorubicin-induced myocardial damage. Second, the quaternary ammonium hydroxide of Capparis spinosa L. (CSQAH) was found to possess antitumor activity, such as antiproliferative and apoptosis-induced effects on HepG2 cells. We investigated the regulatory mechanism of HepG2 apoptosis induced by CSQAH. Laser scanning confocal microscope and Fluo-3/AM staining were utilized to detect the Ca 2+ concentration in the HepG2 cells. A microplate reader was used to measure the changes in Ca 2+ -Mg 2+ -ATP enzyme. Then, flow cytometry was applied to analyze the activity of ROS and the expression levels of Bcl-2 and Bax. As a result, different concentrations of CSQAH increased the concentration of Ca 2+ in the cytoplasm in a dosage-dependent manner. CSQAH decreased the Ca 2+ -Mg 2+ -ATPase activity in the HepG2 cells. The levels of ROS in the CSQAH groups were significantly higher than the level in the control group. Flow cytometric analysis showed that the Bcl-2 expression levels in the CSQAH-treated groups were downregulated, while Bax expression levels were upregulated, and the effects were dosage-dependent. The regulatory mechanism of HepG2 cell apoptosis induced by CSQAH involved the increase in Ca 2+ concentration and ROS levels, a decrease in Ca 2+ -Mg 2+ -ATPase activity in the HepG2 cells, and downregulation of anti-apoptotic Bcl-2 expression, and upregulation of apoptotic Bax expression. In summary, the present study demonstrated the antioxidant and antitumor activities of CSE which may suppress tumor growth and alleviate the side-effects of DOX, which may facilitate tumor treatment in a dual manner.
Introduction
Capers are a common ingredient in Mediterranean cuisine, particularly Cypriot, Italian and Maltese recipes. Capparis spinosa L. (CSE), the caper bush, also called cishangan, Euphorbia lathyris L. and Capparis masaikai Levl., is a perennial plant that bears round, fleshy leaves and large white to pinkish-white flowers. CSE is found in the wild in the Mediterranean, East Africa, Madagascar, Southwestern and Central Asia, Himalayas, the Pacific Islands, Indomalaya and Australia. The plant is best known for the edible flower buds (capers), often used as a seasoning, and the fruit (caper berries), both of which are usually consumed pickled. The salted and pickled caper bud (called simply a caper) is often used as a seasoning or garnish. The mature fruit of the caper shrub are prepared similarly and marketed as caper berries. The buds are picked, then pickled in salt, or a salt and vinegar solution, and drained. Other parts of the Capparis plants are used in the manufacture of medicines and cosmetics. The shrubby plant is many-branched, with alternate leaves, thick and shiny, round to ovate. The flowers are complete, sweetly fragrant and showy, with four sepals and four white to pinkishwhite petals. Intense flavor is developed as mustard oil is released from each caper bud. This enzymatic reaction leads to the formation of rutin, often seen as crystallized white spots on the surfaces of individual caper buds. In Greek popular
Antioxidant and antitumor activities of Capparis spinosa L. and the related mechanisms
LEI YU [1] [2] [3] , JINGHUI YANG [1] [2] [3] , XIN WANG [1] [2] [3] , BO JIANG medicine, a herbal tea made of caper root and young shoots is considered beneficial against rheumatism (1) (2) (3) (4) (5) (6) . CSE contains glucosinolates (glucocapparin, glucocleomin, glucoiberin, glucopangulin and singrin), flavonoids and choline, coumarins, saponins and tannins. Instruction exists on the use of sprouts, roots, leaves and seeds in the treatment of strangury and inflammation. Different flavonoids have been identified in the caper bush and capers: rutin (quercetin 3-rutinoside), quercetin 7-rutinoside, quercetin 3-glucoside-7-rhamnoside, kaempferol 3-rutinoside, astragalin and kaempferol 3-rhamnorutinoside. Capers contain more quercetin/weight than any other plant (7) . Selenium is present in capers at high concentrations in comparison with other vegetable products. Furthermore, CSE extract was reported to be rich in flavonoids such as kaempferol, rutin, quercetin and quercetin derivatives, which are known to have anti-allergic, anti-inflammatory, antioxidant, anti-fungal, anti-bacterial anti-hepatotoxic, antidiabetic, antiproliferative and antitumor properties. Recently, the effect of plant extracts on melanogenesis has been reported and compounds, such as glycyrrhizin, quercetin and scoparone, were found to stimulate melanogenesis (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) .
Doxorubicin (DOX) is a potent broad-spectrum chemotherapeutic agent that is highly effective in treating patients with acute lymphoblastic leukemia, Hodgkin's lymphoma, aggressive non-Hodgkin's lymphomas, breast and ovarian carcinoma, and many solid tumors. The therapeutic activity of DOX is achieved through the processes of intercalating into DNA, inhibiting topoisomerase II, and preventing DNA and RNA synthesis. Unfortunately, its clinical chemotherapeutic use is limited by its severe toxicity on the heart when the accumulative dose reaches a threshold. The cardiotoxicity particularly subchronic and delayed cardiotoxicity is manifested by dosedependent cardiomyopathy and refractory congestive heart failure with the unique pathological changes being distention of the endoplasmic reticulum, swelling of mitochondria, cytoplasmic vacuolization and myofibrillar disarray, and loss (sarcopenia) in cardiomyocytes as well as apoptosis. A great deal of research has been carried out to investigate the molecular mechanisms by which DOX selectively impairs the heart. As a result, a number of mechanisms were proposed although most of them are attributable to the basis that DOX increases the production of ROS in cardiomyocytes (20) (21) (22) (23) (24) (25) . It was found in previous experiments that ethyl acetate extract of CSE has antioxidant activity and improves the oxidative damage symptoms observed by morphological changes of pathology and hematoxylin and eosin (H&E) staining. The major mechanism of heart dysfunction induced by oxidative stress (free radical damage) that is responsible for DOX cardiotoxicity is the formation of ROS, which can harm membrane lipids and other cellular components, leading to cardiomyocyte apoptosis and death. In order to further research this issue, the present study investigated blood biochemical indices, injury, energy metabolism, oxidative damage and mitochondrial membrane potential (Δψm) level of cardiac cells to study the effect of CSE on DOX-induced cardiac toxicity. Thus, the first part of the study was designed to investigate whether CSE has any protective effect on oxidative damage induced by DOX and to explore whether or not CSE can be used as an adjuvant therapy for the long-term clinical use of DOX. Our theory basis can make a foundation for the following research.
In a previous study, we demonstrated that CSE inhibited tumor cell growth and the main constituent responsible for the antitumor activity is alkaloid (26) . The quaternary ammonium hydroxide of Capparis spinosa L. (CSQAH) is one of the watersoluble alkaloids which is obtained by means of ammonium reineckate. It also inhibited tumor cell growth and induced cell apoptosis. However, the molecular mechanisms associated with the apoptosis of human hepatocellular carcinoma HepG2 cells by CSQAH is not clear and systematically understood. In the second part of the study, we therefore utilized flow cytometry (FCM) and laser scanning confocal microscopy (LSCM) to detect Ca 2+ concentrations, Ca 2+ -Mg 2+ -ATP enzyme activity and ROS, Bcl-2 and Bax levels to investigate the regulatory mechanism of HepG2 cell apoptosis induced by CSQAH.
In summary, the present study demonstrated the antioxidant and antitumor activities of CSE which may suppress tumor growth and alleviate the side-effects of DOX, which may facilitate tumor treatment in a dual manner.
Materials and methods
Antioxidant activity of CSE and its protective effect on oxidative damage induced by DOX Animals and treatment. The present study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The protocol was approved by the Ethics Committee of the Animal Experiments of the Heilongjiang University of Chinese Medicine (permit no. 2013-004). All surgery was performed under sodium pentobarbital anesthesia, and all efforts were made to minimize suffering of the animals.
Kunming mice (animal certificate no. POO101009; provided by the Animal Experiment of Heilongjiang University of Chinese Medicine), half male and female, were randomly divided into five groups (n=12/group): normal, DOX and CSE groups; CSE-L, CSE-M and CSE-H (40, 80 and 120 mg/kg). The numbers of each group fit the statistical requirements. Food and water were provided freely and the mice were sacrificed by cervical dislocation in accordance with ethical requirements. Each mouse was weighed before administration. The normal group was orally administered normal saline (0.01 ml/g, daily), and the DOX groups were intraperitoneal injected with DOX hydrochloride (15 mg/kg) once on day 5. The CSE groups received different doses of CSE extract orally for five consecutive days and were intraperitoneally injected with a single dose of DOX hydrochloridex (15 mg/kg) 2 h after the CSE extract treatment on day 5, and then CSE was continued to be administered for 2 days.
Screening of antioxidant fraction by EPPH.
The fruits of CSE (5 kg) were extracted with 95% ethanol. Evaporation of the solvent under reduced pressure provided the condensed ethanol extract, which was then extracted by petroleum ether, chloroform, ethyl acetate and n-butyl alcohol in turn. The five factions were assessed for their antioxidant activities by EPPH method (27) .
Effect of CSE on injury and energy metabolism induced by DOX.
The serum of all test groups was prepared. The levels of lactic dehydrogenase (LDH) and creatine kinase (CK) were measured by ultraviolet spectrophotometric method according to the instruction manual of the reagent (28) . Then, the cardiac tissue of all test groups was prepared. The ATPase activities were measured by ultraviolet spectrophotometric method according to the instruction manual of the reagent (29) .
Effect of CSE on oxidative damage induced by DOX. The cardiac tissues of all test groups were prepared. The level of malondialdehyde (MDA) was determinated by ultraviolet spectrophotometric method according to the instruction manual of the reagent (30) . Secondly, determination of intracellular ROS levels was performed by measuring a fluorescent product formed by DCFHDA (10 µmol/l). The samples were incubated in an incubator at 37˚C for 40 min, and then washed with phosphate-buffered saline (PBS) three times. The cells were made into a suspension using 300 ml PBS and put through a 200 mesh screen. The relative amount of fluorescent product was monitored by FCM at 48 and 535 nm (31) . Finally, antioxidation enzyme indicators in the serum were measured. The mice were sacrificed under the influence of anesthesia. The heart was excised immediately, rinsed in ice-cold normal saline, blotted between two filter papers, and weighed. Heart tissue (0.5 g) was triturated and dropped into 10% tissue homogenate according to the volume and weight ratio. The cell debris was removed using centrifugation at 3,000 rpm for 15 min. The cell supernatants were collected, and then diluted with normal saline in proportion to the required concentration of tissue homogenate. The protein content of the cell lysates was determined using the Bradford assay. T-AOC of blood measurement, superoxide dismutase (SOD), glutathione (GSH) and catalase (CAT) of heart tissue homogenate assay were carried out according to the kit illustrations using ultraviolet spectrophotometer.
Effect of CSE on Δψm levels of cardiac cells induced by DOX.
The purification of cardiac cells was carried out by counting with a hemocytometer. Cardiac cells (lx10 6 ) were placed in dimethyl sulfoxide (DMSO), and incubated in an incubator at 37˚C for 40 min with Rh123 for testing Δψm, and then washed with PBS three times. The 300 ml PBS suspension was filtrated through 200 mesh size screen. Cells (10 4 ) were collected and measured with FCM, excitation and maximum absorption at 488 and 530 nm (32) .
Antitumor activity of CSQAH and its apoptosis induction on HepG2 cells
Cell culture. Human gastric carcinoma cell line SGC-7901 was cultured in RPMI-1640 medium with 10% calf serum at 37˚C in a 5% CO 2 incubator.
Measurement of Ca
2+ by LSCM. HepG2 cells in a logarithmic growth phase were inoculated in 6-well plates. After 24 h, 1 ml of drugs was added to each hole. CSQAH was added at concentrations of 100, 200 and 400 µg/ml, respectively. The final concentration of the positive control group (HCPT) was 5 µg/ml. The control group received the same volume of RPMI-1640 culture media. After 48 h, the cell suspension was collected. The cells were washed with PBS and fixed with 4 µg/ml Fluo-3/AM 200 ml. Then, the cells were incubated for 1 h at 37˚C in the dark. The cells were washed one time and suspended with 400 µl PBS, and then the cells were detected with LSCM (33) .
Analysis of Ca
2+ -Mg 2+ -ATP enzyme by adenosine triphosphatase assay kit. HepG2 cells in the logarithmic growth phase were inoculated in a 5-ml culture bottle. After incubating for 24 h, the cells were treated with 1 ml of drugs to each bottle (the doses same as above). After 24 h, the cells were digested with trypsin and washed with PBS two times. This operation is carried out according to the adenosine triphosphatase assay kit manual. Absorbance was measured with a microplate reader at 636 nm, zeroed with distilled water (34) .
Detection of ROS using FCM. HepG2 cells in the logarithmic growth phase were inoculated in 6-well plates. After 24 h, 1 ml of the drugs was added to each hole (the doses same as above). After 48 h, the cells were collected and suspended in DCFH-DA (diluted 1:1,000 with RPMI-1640 without serum, the final concentration was 10 µmol/l). Then, the cells were incubated for 1 h at 37˚C and the cells were washed three times with RPMI-1640 without serum. After filtration with 300 mesh strainer, the cells were analyzed by FCM (35) .
Analysis of Bcl-2 and Bax protein by FCM.
HepG2 cells in the logarithmic growth phase were inoculated in a culture bottle. After incubating for 24 h, the cells were treated with 1 ml of drugs in each bottle (the doses same as above). After 24 h, the cells were collected and fixed with 40 g/l paraformaldehyde 2 ml for 40 min. Then, the cells were washed twice with PBS and treated with 0.1% Triton X-100 1 ml for 15 min, washed twice with PBS again, closed with 1% of BSA 1 ml for 1 h, and then centrifuged. The cells were treated with primary antibodies specific for Bcl-2 or Bax (diluted 1:200), respectively. Then, incubation was carried out for 1 h at 37˚C. The mixture was centrifuged and the supernatant was removed and washed with PBS, and then treated with the secondary antibodies (diluted 1:50). The cells were incubated at room temperature for 30 min in the dark and centrifuged. The supernatant was removed, while the cells were suspended in 800 µl of PBS. After being filtrated with 300 mesh strainer, the cells were analyzed by FCM (36) (37) (38) .
Statistical analysis. Differences in proliferation between different groups were analyzed using one-way ANOvA. Statistical analysis was performed using SPSS 19.0 software. P<0.01 was considered to indicate a statistically significant difference. The results are expressed as mean ± SD.
Results

Antioxidant activity of CSE and its protective effect on oxidative damage induced by DOX
The antioxidant fraction of CSE. From the EPPH method, the most antioxidant activity of CSE was the ethyl acetate fraction shown in Table Ⅰ .
Effect of CSE on injury and energy metabolism induced by DOX.
The DOX group exhibited significantly an increased LDH value (P<0.01). Compared with the DOX group, CSE groups exhibited decreased levels of LDH (P<0.01). Compared with the normal group, the CSE groups had increased levels of LDH (P<0.01) ( Table Ⅱ) . The DOX group exhibited a significantly increased CK value compared with the normal group (P<0.01). Compared with the DOX group, the CSE groups exhibited decreased levels of CK (P<0.01). The CSE groups exhibited increased levels of CK, compared with the normal group (P<0.01).
The DOX group exhibited decreased levels of Na + K + -ATPase and Ca 2+ -ATPase compared with the normal group (P<0.01). The CSE groups showed an increase in the level of Na + K + -ATPase when compared with the DOX alone treated mice. No significant difference in Na + K + -ATPase was observed between the CSE-L group and the DOX group (P>0.05), while the levels of Na + K + -ATPase in the CSE-M and CSE-M groups were significantly increased compared with the DOX group (P<0.05). The CSE groups showed an increase in the level of Ca 2+ -ATPase when compared with the DOX group. A significant difference was observed in the CSE-L group when compared to the DOX group (P<0.05), and significant differences were also observed in the CSE-M and CSE-H groups (P<0.01). The level of Ca 2+ -ATPase in the CSE-L group was significantly lower compared with the normal group (P<0.01). No significant difference was observed in CSE-M and CSE-H groups when compared with the normal group (P>0.01; Table Ⅲ) .
Effect of CSE on oxidative damage induced by DOX.
MDA levels in the cardiac tissues showed that the MDA level in the DOX group was increased, compared with the normal group. There was a significant differences(P<0.01). The CSE groups showed a significant decrease in the level of MDA (P<0.01) when compared with the DOX alone treated mice. The levels of MDA in the CSE groups were significantly increased compared with the normal group (P<0.01; Table Ⅳ) .
The results showed that the DOX group, compared with the normal group, exhibited decreased levels of ROS. The CSE groups showed a decrease in the levels of ROS when compared with the DOX group. The CSE groups showed an increase in the level of ROS when compared with the normal group (Fig. 1) .
In these tests, compared with normal group, the DOX group exhibited a significantly decreased T-AOC value (P<0.01). CSE groups, compared with the DOX group, exhibited significantly increased T-AOC values (P<0.01). T-AOC values in the CSE groups were significantly decreased compared with the normal group (P<0.01). Mice treated with DOX alone showed a significant (P<0.01) decrease in the activity of SOD in the heart as compared to the normal control mice. The CSE groups showed a significant (P<0.05) increase in the activity of SOD when compared with the DOX alone treated mouse. The SOD level in the CSE-H group was significantly decreased compared with the normal group (P<0.05). No significant difference was observed in the CSE-L and CSE-M groups when compared with the normal group (P>0.05). GSH levels in the cardiac tissues showed that the DOX group, compared with the normal group, exhibited a decreased level of GSH. There was a significant difference (P<0.01). The CSE groups showed a significant (P<0.01) increase in the levels of GSH when compared with the DOX alone treated mouse. The CSE groups compared with normal group had a significant difference (P<0.01). Mice treated with DOX alone showed a significant (P<0.01) decrease in the activity of CAT in the heart as compared to the normal control mice. CSE groups showed a significant (P<0.01) increase in the activity of CAT when compared with the DOX alone treated mouse. The CSE-L group showed a significant difference when compared with the normal group (P<0.01). No significant differences were observed in the CSE-M and CSE-H groups when compared with the normal group (P>0.05; Table Ⅴ) .
Effect of CSE on the Δψm levels in cardiac cells induced by DOX.
The results showed that the DOX group, compared with the normal group, exhibited a decreased level of Δψm. The CSE groups showed an increase in the levels of Δψm when compared with the DOX group. The CSE groups showed an increase in the level of Δψm when compared with the normal group (Fig. 2) . in the cytoplasm in a dosage-dependent manner. HepG2 cells exhibited an increase in Ca 2+ levels compared with the blank control group (P<0.01). As shown in Table Ⅵ and Fig. 3 , the 
Antitumor activity of CSQAH and its apoptosis induction on HepG2 cells Observation of CSQAH-induced change in [Ca
Effect of CSQAH on the level of ROS.
Flow cytometric analysis showed that CSQAH increased the levels of ROS in te HepG2 cells. The production of ROS was decreased in a dose-dependent manner (Fig. 4) .
Effect of CSQAH on the expression levels of Bcl-2 and Bax.
When HepG2 cells were treated with CSQAH for 48 h, Bcl-2 and Bax were detected by FCM. The results are shown in Figs. 5 and 6. Significant changes in Bax and Bcl-2 expression (an increase in Bax and a decrease in Bcl-2) were observed in the CSQAH-treated HepG2 cells in a dose-dependent manner. activity of lactic dehydrogenase (LDH) and creatine kinase (CK) in serum, the doxorubicin (DOX) group exhibited significantly increased LDH and CK values compared with the normal group (P<0.01). In the Capparis spinosa L. (CSE) groups, the level of LDH and CK were lower than the levels in the DOX group (P<0.01). These results indicated that DOX decreased the level of myocardial injury (LDH and CK); thus, CSE protected against DOX-induced myocardial injury. Previous pathology experimental observation found that DOX causes serious tissue and cell damage. After tissues and cells are damaged, enzymes are released into the bloodstream (39, 40) . DOX can alter the norms of blood biochemistry, and CSE can significantly inhibit DOX-induced increases in serum activity of LDH and CK. According to the results of the present study, it can be concluded that CSE protects myocardial tissue and cells in mice.
Discussion
Antioxidant activity of CSE and its protective effect on oxidative damage induced by DOX. After determination of the
The damage of free radicals can reduce the activity of Na + K + -ATpase and Ca 2+ -ATPase leading to abnormal energy metabolism. The activity of Na + K + -ATPase and Ca 2+ -ATPase was reduced in the DOX group, while DOX initiated membrane lipid peroxidation (41) . MDA is the metabolite of lipid peroxidation products, which could interfere with metabolic to cellular acidosis. An increase in Na + -Ca 2+ exchange, also accelerates the Ca 2+ internal flow, then induces intracellular calcium overload. DOX can induce calcium overload, so the mitochondria need to consume a large amount of ATP to intake excessive-free Ca 2+ to reduce the levels of ATP in the cell. Reduction of ATP also causes sarcoplasmic reticulum Ca 2+ ATPase-power shortage, which reduces the ability to absorb Ca
2+
. After further aggravation of calcium overload, a vicious circle may occur in the cell. CSE can increase the activity of ATPase and maintain the stability of the biofilm structure, protecting the biological membrane from oxidative damage. MDA is a sign of lipid peroxidation. MDA not only reflects the degree of free radicals produced, but also reflects the degree of lipid peroxidation (42, 43) . The MDA levels in the CSE groups were significantly lower than the corresponding values in the DOX group, which indicated that CSE could significantly guard against lipid peroxidation. CSE has a protective effect on rat myocardial tissue.
In the present study, the level of intracellular ROS production was monitored by flow cytometry (FCM) (44, 45) . The results showed that the DOX group exhibited increased production of ROS compared with the normal group, whereas treatment with CSE significantly decreased the generation of ROS. These results suggested that CSE can balance ROS production and neutralization and inhibit DOX-induced intracellular ROS generation and protect cells from damage.
Through determination of the full blood total antioxidation ability (T-AOC), the DOX group exhibited significantly decreased T-AOC values (P<0.01). The CSE groups exhibited significantly increased T-AOC values compared with the DOX group (P<0.01). The results indicated that administration of CSE can improve body total antioxidation ability. Administration of DOX to rats significantly altered the cardiac activities of CAT, SOD and GSH-peroxidase (GSHPx), which reflect the changes in free radicals in myocardial tissues. The mechanism of DOX-induced cardiotoxicity involves the generation of ROS (46, 47) . For increasing production of ROS by oxidative stress, the activity of the cardiac antioxidant enzyme SOD is significantly reduced. The main cellular damages caused by ROS included lipid peroxidation and MDA were formed in hearts. CSE has obvious ability to scavenge free radicals, which can be attributed to the enhancment of the activity of antioxidant enzymes (CAT, SOD and GSH-Px). DOX-induced cardiotoxicity caused the activity of cardiac antioxidant enzymes CAT, SOD and GSH-Px which were significantly reduced. Administration of CSE to the mice significantly increased the cardiac activities of CAT, SOD, and GSH-Px as compared to the DOX group, indicating the protective effect of CSE. The antioxidant effect of CSE has been shown to decrease DOX-induced cardiotoxicity as indicated by the ability to inhibit the production of free radicals, thus accelerating free radical consumption and reducing the consumption of antioxidant enzymes.
The formation of ROS which could harm membrane lipids, reduces the fluidity of membrane and increases the cell membrane permeability, causing Δψm decrease (48) (49) (50) . This could cause oxidative damage to proteins, resulting in protein denaturation and crosslink, and a change in enzyme activity (51) . The level of Δψm was monitored by FCM. The results showed that the DOX group exhibited a decreased level of Δψm compared with the normal group. The CSE groups exhibited decreased levels of Δψm compared with the DOX group. CSE prevented ROS-mediated peroxidative damage to the mitochondrial membrane and opened MPTP, and increased mitochondrial membrane fluidity.
Antitumor activity of CSQAH and its apoptosis induction in HepG2 cells. Ca
2+ plays a pivotal role in the physiology and biochemistry of organisms and cells. They play an important role in signal transduction pathways, where they act as a secondary messenger. Ca 2+ make their entrance into the cytoplasm either from outside the cell through the cell membrane via calcium channels or from some internal calcium storages. Ca 2+ could damage cells when they enter in excessive numbers. Excessive entry of calcium into a cell may damage it or even cause it to undergo apoptosis, or death by necrosis (52, 53) . In this experiment, the Ca 2+ -specific molecular probe Fluo-3/ AM was used to carry CSQAH at different concentrations to treat HepG2 cells, and LCSM was used to observe changes in [Ca 2+ ] in the cells. The result of the research showed that the strength of green fluorescence increased with the increase in the concentration of CSQAH. The HepG2 cells exhibited increase Ca 2+ levels compared with the control group, significantly (P<0.01). This shows that the concentration of Ca 2+ may increase with the increase in the concentration of CSQAH. On the one hand, this suggests that CSQAH can effect the calcium channels in HepG2 cells, which in turn leads to the rise of the concentration of Ca 2+ in the cell. On the other hand, it could be that CSQAH activates endoplasmic reticulum, which is due to the stimulation of a specific Ca 2+ release (54, 55 ROS are chemically reactive molecules containing oxygen. Examples include oxygen ions and peroxides. ROS are formed as a natural byproduct of the normal metabolism of oxygen and have important roles in cell signaling and homeostasis. ROS are constantly generated and eliminated in the biological system and are required to drive regulatory pathways. Under normal physiologic conditions, cells control ROS levels by balancing the generation of ROS with their elimination by a scavenging system. However, under oxidative stress conditions, excessive ROS may damage cellular proteins, lipids and DNA, leading to fatal lesions in cell that contribute to carcinogenesis. Ultra-ROS could damage DNA, RNA, and proteins. This may result in significant damage to cell structures. Cumulatively, this is known as oxidative stress (56) (57) (58) . From the results obtained, with the increase in CSQAH concentration, the level of ROS was increased when compared with the control group (P<0.01). This illustrates that CSQAH could increase the level of ROS in HepG2 cells. The result indicates the accumulation of ROS, which play an important role in the mitochondrial control of apoptosis induced by CSQAH.
Apoptosis regulator Bcl-2 is a family of evolutionarily related proteins. These proteins govern mitochondrial outer membrane permeabilization (MOMP) and could be either pro-apoptotic (Bax, BAD, Bak and and Bok) or anti-apoptotic (including Bcl-2, Bcl-xL and Bcl-w). There are a number of theories concerning how the Bcl-2 gene family exerts their pro-apoptotic or anti-apoptotic effect. An important theory states that this is achieved by activation or inactivation of an inner mitochondrial permeability transition pore, which is involved in the regulation of matrix Ca 2+ , pH and voltage. It is also believed that certain Bcl-2 family proteins induce or inhibit the release of Cyt-c into the cytosol, which activate caspase-9 and -3, leading to apoptosis (59, 60) . When HepG2 cells were treated with CSQAH for 48 h, FCM analysis showed that Bcl-2 expression levels in the CSQAH-treated groups were downregulated, while Bax expression levels were upregulated, and the effects were dosage-dependent. The result showed that CSQAH could downregulate anti-apoptotic proteins.
In conclusion, the present study revealed the antioxidant and antitumor activities of CSE. On the one hand, the ethyl acetate extract of CSE showed antioxidant activity using the DPPH method to determine free radical elimination ability. CSE had protective effects on cardiac toxicity of DOX, decreasing the activity of LDH and CK. CSE improved the ability of myocardial tissue to scavenge free radicals, inhibited the lipid peroxidation, recovered activity of antioxidant enzymes, adjusted the energy metabolism of myocardial tissue, inhibited the generation of a large number of ROS in the cells, raised the level of Δψm, and improved the metabolism of free radicals. CSE had protective effects on DOX-induced myocardial damage. Moreover, the quaternary ammonium hydroxide of Capparis spinosa L. (CSQAH) induced HepG2 cells apoptosis by increasing Ca 2+ concentrations and ROS levels, decreasing the Ca 2+ -Mg 2+ -ATPase activity in HepG2 cells, and downregulating anti-apoptotic Bcl-2 expression while upregulating apoptotic Bax expression. In summary, the present study demonstrated the antioxidant and antitumor activities of CSE which may suppress tumor growth and alleviate the side-effects of DOX, which may facilitate tumor treatment in a dual manner.
